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A Study on the Estimation of Impact by High-Speed Railway Surcharge
Considering Marginal Cost and Demand

0]%3% Lee, Jonghoon®, £=2]% Shon, Euiyoung*

Abstract

In 2015, the Honam High-Speed Rail opened and the Korean High-Speed Rail was completed. High-speed rail

was expanded and demand continued to grow. Railroads require a lot of investment and operating costs. However,

in the case of South Korea, high-speed rail fares are calculated based on government policy. For these reasons,

high-speed rail operating losses are higher than operating income, and debt continues to grow. These issues are

likely to be passed on to the social burden, and it is time to consider different ways to secure high-speed rail alter-

natives and financial health. In this research, we proposed a method to improve traffic efficiency, focusing on the

on-demand distribution of high-speed trains through demand analysis of high-speed trains and conversion to

alternatives. We used Ramsey pricing to provide 15% and 30% surcharge for demanding weekend users. As a result,

it was confirmed that the efficiency could be improved by switching demand to other means.

Keywords: Estimation of High-speed Rail Marginal Cost, Demand, Ramsey Pricing, Weekend Surcharge, Peak

Surcharge, Modal Split
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Figure 3 _Pricing of In—elasticity Demand

Figure 4 _Monopoly with Constant Elasticity Demand
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Table 1_ Railway Pricing in Schemes EU

Nation Method Explain
Depending on the train characteristics, congestion
England K
charges are charged based on train-km.
Congestion
Charge Congestion ~ charges  are  charged by
Italy determining that train speed determines value
and service
Marginal | The marginal cost level is used and the
Sweden . .
Cost government subsidizes the deficit.
. The scarcity cost is reflected in high-usage
Geremany K
trains and routes.
Scarcity Cost
Additional charges for high-usage routes when
France Lo .
establishing the operation plan

Source: OECD(2005), The Korea Transport Institute(2016), Korea
Railroad Research Institute, Korea Maritime Institute and
The Korea Transport Institute(2002), Reorganized.
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Table 2 _ Seat Occupancy Rate Changes by Day of
the Week(KTX, SRT) in 2017

(unit: %)
Line Mon | Tue | Wed | Thu | Fri Sat | Sun
Gyeong-bu | 104 | 95 94 95 101 | 109 | 105
Ho-nam 89 77 85 84 90 100 | 99
Aver. 99 91 91 92 98 108 | 104
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Table 3 _ Average Gyeongbu Line Seat Occupancy

Rate by the Time of Day in 2017

(unit: %)
] 9 10 | 11
Time | 5~6 | 6~7 | 7~8 | 8~9 | | _|| | _;
Week | oo | 67 | 72 | o1 | 104 | 80 | 78
day
Week
XA 4s | st | s2 | 6t | 74 | 90 | 98
end
. 12 | 13 | 14 | 15 | 16 | 17 | 18
W 13 | ~14 | ~15 | ~16 | ~17 | ~18 | ~19
Week
82 | 91 | 98 | 97 | 99 | 102 | 101
day
Week
92 | 91 | 104 | 105 | 99 | 107 | 108
end
o 19 | 20 | 21 | 22 | 23 | 24
Me 20| ~21 | ~22 | ~23 | ~24 | ~25 |
W
k| oo | 81 | 75 | 76 | ss | s -
day
Week
1100 | 100 | 85 | 76 | 78 | 41 -
end

Note: 1. The seat occupancy rate is calculated using the average
number of demand compared to the number of seats
supplied.

2. 2017 Railway Statistical Yearbook and Reorganization of
Korail Internal Data.
Source: MOLIT Statistics System, each year.

Note: 1. The seat occupancy rate is calculated using the average
number of demand compared to the number of seats
supplied.

. 2017 Railway Statistical Yearbook and Reorganization of
Korail Internal Data.

Source: MOLIT Statistics System, each year.
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Table 4 _ Average Seat Occupancy Rate by the Time
of Day for Each Section of the Gyeongbu Line in 2017

(unit: %)

9 10 11
~10 | ~11 | ~12

A 45 51 52 61 74 90 98
46 51 53 64 77 91 99
C 37 38 39 47 59 45 55

12 13 14 15 16 17 18
~13 | ~14 | ~15 | ~16 | ~17 | ~18 | ~19

A 92 91 104 105 99 107 108
94 93 104 105 100 107 108
C 70 77 81 83 81 88 80

19 20 21 22 23 24
~20 | ~21 | ~22 | ~23 | ~24 | ~25

Time | 5~6 | 6~7 | 7~8 | 8~9

A 109 100 85 76 78 41 -

B 110 102 89 77 80 44 -

C 85 84 83 64 49 27 -

Note: 1. The seat occupancy rate is calculated using the average
number of demand compared to the number of seats
supplied.

2. A: Seoul~Osong, B: Seoul~Chenan-asan, C: Osong~
Busan

3. 2017 Railway Statistical Yearbook and Reorganization
of Korail Internal Data.

Source: MOLIT Statistics System, each year.
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Table 5_ Summary of High—speed Rail
(KTX and SRT) Pricing Policy

Pricing KTX SRT

* Established by applying | ¢ Considering about 90% of

Basi railroad fare calculation | the railway fare calculation
asic
standards standard (fares lower than

¢ 164.4won/km KTX)
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Figure 5 _ High—speed Rail Appropriate Fare Setting

Scenarios
1-1-1. Surcharge
1. Weekday 1-1. Weekday 1-1-2. Discount
/Weekend 1-1-3. Surcharge & Discount

2. Timeline

3. Target section

|

1-2. Weekend

2-1. Peak-time

2-2.non-Peak time

3-1.Seoul~0song

3-2. Seoul~Chenan-Asan

3-3.0song~ Chenan-Asan

3-4. Osong~Busan

1-2-1. Surcharge
1-2-2. Discount
1-2-3. Surcharge & Discount
2-1-1. Surcharge
2-1-2. Discount
2-1-3. Surcharge & Discount

2-2-1.Surcharge
EZ*Z*Z Discount
2-2-3.Surcharge & Discount
3-1-1. Surcharge
E}*H Discount
3-1-3. Surcharge & Discount
3-2-1. Surcharge
EB*Z*Z Discount
3-2-3.Surcharge & Discount
3-3-1. Surcharge
E}}*Z Discount
3-3-3. Surcharge & Discount
E}%% Surcharge

3-4-2. Discount
3-4-3. Surcharge & Discount
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Table 6 _ Scenario Development

Set of Surcharge Scenario 1 Scenario 2

* Sat and Sunday
* 14~21

Day for Surcharge

Time for Surcharge

* Seoul(Youngsan)~Osong(KTX)
* Suseo~Osong(SRT)

* 30%

Section for Surcharge

Rate for Surcharge *15%
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Table 7 _Modal Split Model (Nationwide)

Uofcar = f3,* Ttime , + B,* Ttcost, +r,* UZA_Dum

Ufobus = ,* Ttime 5 + B,* Beost +r,* Ter_Dum+az*ascy

Uofrailway = B,* Ttime , + 3,* Reost +r,* Csta_Dum~+ a, * ascy

Uof high— speedrailway = 3,* Ttime g + 8,* ERcost +r,* Hsta_Dum+ agp*ascyy

UZA_Dum : Dummy of urban area
Ttime,, : m Total mode time of O/D Ter _Dum : Dummy of bus terminal
Ticost, : Total travel cost of Car Gsta_Dum : Dummy of ral station
Beost - Tortal travel cost of Bus Hsta_Dum : Dummy of High-speed rail station
Reost : Total trave cost of Rail o, *asc,,: Constant of m-mode characteristic
ERcost : Total travel cost of High-speed rail B, : Coefficient of time cost variable
7, : Coefficient of dummy variable
Variable factor Coefficient t-Value
B, (Travel time) —0.01359263 —31.227
B,(Total cost) —0.00005338 —43.012
7, (Dummy of urban area) —0.32065376 —11.011
7y (Dummy of bus terminal) 0.71316752 7.416
ap(Constant of bus chatacteristic) —2.34746360 —21.542
ry(Dummy of rail station) 0.30788940 3.235
ap(Constant of rail chatacteristic) —2.03401678 —20.186
7,(Dummy of High-speed rail station) 0.26142286 5.781
Source: The Korea Transportation Institute 2018.
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Figure 6 _High—speed Rail Section Where the
Surcharge is Applied

Route Map

Section of
Surcharge
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Table 8 _Changes in Seat Occupancy by Time due to Fare

Increase by 15%

(unit: %)
Seoul~Chenan — Asan Seoul~Osong Seoul ~Busan
o1 Do Do Do Do Do Do
(Surcharge . . B)—(4) . . D)—(©) . . B)—(B)
15%) -nothing | -Something -nothing | -Something -nothing | -Something
(%p) (%p) (%p)
(A) B) © D) (E) (F)
14~15 104.2 102.1 —2.1 104.1 103.1 —1.0 81.4 81.2 —0.2
15~16 105.4 103.2 —2.2 105.4 104.2 —1.2 83.3 83.1 —0.2
16~17 100.1 97.7 —24 99.3 97.6 —1.7 80.9 80.6 —0.3
17~18 107.3 104.8 —2.5 107.2 105.4 —1.8 87.6 87.1 —0.5
18~19 108.2 105.9 —23 107.7 105.8 —19 80.4 80 —04
19~20 109.8 107.2 —2.6 108.6 106.8 —1.8 84.6 84.3 —0.3
20~21 101.7 99.5 —2.2 99.6 97.9 —1.7 83.2 829 —0.3
Table 9 _Changes in Modal Split due to Surcharge during Weekend (14~21)
(unit: one thousand/Surcharge times)
Senario 1 (Surcharge 15%) Senario 2 (Surcharge 30%)
Jime for Do-nothin; Do-Somthin, B—A)/(A) Do-nothin; Do-Somthin, D—O/NO)
Surcharge -nothing -Somthing —(A — -nothing -Somthing D)—(C =
(A) B) S (%) © D) S (%)
Car 40,575 40,577 2 0.00% 40,575 40,578 3 0.01%
Bus 12,741 12,742 1 0.01% 12,741 12,742 1 0.01%
H.S. —Rail 138 135 -3 —2.17% 138 133 -5 —3.62%
Railway 6,174 6,174 0 0.00% 6,174 6,175 1 0.02%
Sum 59,628 59,628 0 - 59,628 59,628 0 -
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